Wind and solar energy technologies offer clean and renewable energy sources, and are essential components of sustainable energy future. The current paper presents a new methodology for size optimization of stand-alone Wind/PV energy systems. The principal objective of this study is to maximize the electricity match rate between demand and supplies, able to accomplish the energy requirements of a given load distribution, for a specific site. Mathematical models of hybrid components are exploited to estimate the total output power using solar radiation, temperature and wind speed data, collected on the site of Zabol, located in Sistan and Baluchestan, Iran. Then, a new methodology has been proposed which can obtain the optimal size of each hybrid component. The objective functions are considered based on supply/demand match evaluation criteria, minimizing the inequality coefficient (IC) and also maximizing the correlation coefficient (CC), simultaneously. The elitist non-dominated sorting genetic algorithm (NSGA-II), which is one of the multi-objective evolutionary algorithm (MOEA), have been employed for a hybrid stand-alone renewable energy power system (Wind/PV) to find the optimal size of each components. The Pareto-optimal solution is obtained in order to have higher-level decision. The designers can select the best configuration among the Pareto set which fits their desire.
sizing. To have higher-level decision, the Pareto-optimal solution is obtained. The designers can select the best configuration among the Pareto set which fits their desire. The first step consists of mathematical modeling of hybrid components. Optimization procedure of this hybrid system according to IC and CC concepts is the second step. By applying these two steps to a proposed Wind/PV hybrid system, optimal configuration which can meet the maximum match rate between supplies and demand are obtained.
Modeling of the hybrid system components
The wind turbine and PV module work together to meet the load demand. Mathematical modeling of the hybrid components is an important step and should be done before any phase of optimal sizing. It helps to estimate the total output power of hybrid system. Various techniques are developed. A brief description for modeling of Wind/PV system is shown in forthcoming subsection. The mathematical modeling in this subsection are from reference [13] .
Model of PV generator
The PV generator performance is highly affected by the solar irradiation and the PV generator temperature. The output power of a PV panel can be calculated using the following equation. In order to have higher efficiency for PV panels, the modeling of maximum power point tracking (MPPT) controller has been considered in the simulation of PV array performance. This model can predict the output power of PV panel in different temperatures and various irradiation levels. The average insolation profile and the solar module specification at standard test condition (STC) for the proposed PV module used as model inputs, are given in Figure 1 and TABLE I, respectively. The power production of a PV panel is given as: 
where P is the output power of the photovoltaic panel (W), I(V) is the output current of the photovoltaic panel (A), V is the output voltage of the photovoltaic(V), Isc is the short-circuit current at 25 °C and 1000 W/m 2 lculating the n in Figure. 1
Epv is the ye the sun hit t hange from d ge hourly sol n in Figure 2 . 
Model of wind turbine
Adjusting the measured wind speed to the hub height (h), by using the wind speed data at a reference height (hr) from the database, is an important phase before calculating the output power of wind turbines. This can be done through the following expression: [14] .
where ν, is the wind speed at the desired height h, νr is wind speed measured at known height hr, γ is wind shear exponent coefficient which varies with pressure, temperature and time of day. Commonly use value for open land is one-seventh (1/7). Probably density function (pdf) is the best description for variation of wind speed. The pdf calculated the probability that an event will occur between two end points. Note that the pdf curve shape and the height of it provide in some way that the area under the pdf curve from 0 to infinity is exactly 1. This means that blowing of wind speed will be between 0 and infinity (m/s). There are various notations for Weibull pdf in papers. In this paper, the Weibull pdf is defined as:
where β is the shape factor and is wind speed. The smaller shape factor show that the distribution of wind speed is near the average. The scale factor (η) shows how the distribution lies and how it stretched out. For wind speed profile which shown in Figure 1 , the Wiebull probability distribution function has shown in Figure 3 . The output power of wind can be calculated by using probability distribution function for a specific site. The output energy can estimate by using wind turbine power curve. The wind turbine power curve which usually given by manufacturer shows the output power of wind turbine at any wind speed. The available energy for a wind speed profile can be calculated as: 
where Ewt is the generated energy of wind turbine in kWh for a specific site. The product of days and hours gives the total hours in the period of simulation, Pc is the output power of wind turbine, f(v) is the Weibull pdf for wind speed ν, β is the shape factor and η is scale factor. It has been used "Whisper 100" small wind turbine type in this simulation which its power curve given by manufacture, is shown in Figure 4 . The total wind turbine energy output for one year for the proposed wind turbine is shown in Figure 5 . 
Load model
The hourly load data used in this simulation for one year is shown in Figure 6 . This is the yearly variation of domestic load profile in the proposed region. 
Electricity match criteria of hybrid systems
Matching of electricity generation and consumption over a predefined period is an important task in hybrid power systems. The higher match rate between supplies and demand gives the lower investment. For quantifying the deviation between two set of data variables, the least squares (LS) approach can be used. The following equation describes LS [15] : 
The LS can change in range of 0 to infinity. The lower LS show the higher match rate between two set of proposed variables. The value of zero for LS shows a perfect match. Spearmam's Rank correlation coefficient (CC) can describe the correlation between supply and demands. CC can vary from -1 to 1. Closer CC to 1 and -1 gives the better match rate. "1" shows the perfect positive match and "-1" shows perfect negative match where "0" represents no match. The CC can express as follows [15] : 
where Dt is the demand and St is the supply at time t, d and s are demand and supply average aver time period n, respectively. The higher CC gives more electricity match rate between supplies and demand. Inequality coefficient (IC) is another objective function which can be ideally used to describe match rate. This objective defines the inequality in time-series due to three sources: unequal tendency (mean), unequal variation (variance) and imperfect co-variation (co-variance) [15] .The smaller IC, give us the larger match rate. IC can vary in range of 0 to 1. It can be given by the following equation [16] :
Value of IC between 0-0.4 shows good matches and value above 0.5 represents bad match [16] . IC is a better criterion for determining the match rate. However CC is also good but it is not as well as IC.
Optimization procedure Using NSGA-II
Sizing of the hybrid power generation systems is much more complicated than the single source power system. Maximization of CC and also IC minimization are the two objectives of this optimization procedure for hybrid Wind/PV power system. These objectives are conflicting to each other. In order to reach the best compromise of IC and CC, long-term system performance is required. By employing the NSGA-II algorithm to the proposed hybrid power system, a set of optimal solutions are obtained. Implementation of NSGA-II in various engineering and business applications have been done in recent years. This multi-objective optimization algorithm can find Pareto-optimal solution in one single simulation run. NSGA-II uses a fast non-dominated sorting approach and also an elitist strategy. Diversity is presented by using crowded comparison criterion in the tournament selection and in the phase population reduction [17] . A good sizing algorithm is the one which can find the optimal sizing of each component (n1 and n2) to maximize the electricity match rate between supply and demand. "n1 and n2" are design variables which define the number of PV panels and wind turbine, respectively. The minimum value (lower limit) of design variables is selected 1 to be sure that there is at least one of each supply in system. The flow chart of the algorithm is shown is Figure 7 . 
Results
The sizing of optimal hybrid Wind/PV systems was achieved using multi-objectives optimization algorithm (NSGA-II) approach. Results appear as an optimal Pareto front. Each solution of the best Pareto front was found by a combination of hybrid systems in somehow to have higher electricity match rate. The inequality coefficient (IC) and the correlation coefficient (CC) were computed for each combination. Figure 8 shows the optimal Pareto front between IC and CC. It can be noted that the improvement of IC implies the decreasing of the CC. TABLE. II gives the optimal size of devices and the computed IC and CC objectives at these optimal sizes. The optimization process dynamically searches the optimal configuration to minimize the IC and maximize the CC. As said before, in order to have good electricity match rate, IC values must be as low as possible. The values lower than 0.4 are acceptable for providing good match rate between supplies and demand. Higher CC is another criterion for this process. The Pareto front has plotted for IC and CC which obtained curve is shown in Figure 8 . When a pre-specified iteration count (N=Nmax) is reached, NSGA-II is terminated. Nmax=50 and a population size of Npop=50 are used. The probability of crossover and mutation are 0.9 and 0.1 used for this optimization. The 4 best sizing selections from 30 runs for best configuration has been obtained and rounded to the nearest integers greater than or equal to them. These results show that the optimal size of wind turbine is "1" in all case and the number of PV generators can be "1,2,3 or 4" with the IC and CC values shows in Table II . The obtained results show good electricity match rate between supplies and demand. This optimization process helps to have lower investment with higher reliability. The selection of each configuration is depending on the economical criteria which can be another objective function in optimization procedure for future work. Figure 8 . Obtained NSGA-II solution for the IC and CC
Conclusion
In order to utilize hybrid renewable energy systems more efficiently and economical, a new optimum sizing method is developed in this paper. The main objective of the present method is to estimate the optimum size of a stand-alone hybrid power system able to accomplish the load energy requirements economically. In this setting, a multi-objective optimization algorithm based on non-dominated sorting genetic algorithm (NSGA-II) is developed according to the mathematical models and optimization criteria. Maximization of electricity match rate between supplies and demand can improve reliability, efficiency and at the same time, decrease the economic cost. Inequality coefficient (IC) and correlation coefficient (CC) are the main objectives for checking the electricity match rate. The collected solar radiation, temperature and wind speed data in the site of Zabol, located in Sistan and Baluchestan, Iran, was used in this study. The application of the methodology has allowed determining several solutions which are presented under optimal Pareto front form. The optimum configuration satisfies the load demand with minimum inequality coefficient (IC) and maximum correlation coefficient (CC). The number of wind turbine in all solution is "1" and the number of PV panels can be "1, 2, 3, or 4" by considering the economic criteria. The results demonstrate the practical utility of the new proposed methodology.
